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$ IUDPHZRUN WR GHVLJQ VLPXODWLRQ PRGHOV LV GHVFULEHG LQ
RUGHU WR SHUIRUP DFWLYLW\ðEDVHG FRVWLQJ IRU IOH[LEOH
PDQXIDFWXULQJ V\VWHPV EHIRUH DFWXDO PDQXIDFWXULQJ
DFWLYLWLHVï

)RU LOOXVWUDWLQJ D SURFHGXUH WR SHUIRUP DFWLYLW\ðEDVHG
FRVWLQJñ DQDO\VLV RI WKH UDQGRPðDFFHVV W\SH RI WKH
IOH[LEOH PDQXIDFWXULQJ V\VWHP õ)06ô LV SHUIRUPHG IURP
ERWK HIILFLHQW DQG HFRQRPLF VWDQGSRLQWVñ E\ VLPXODWLQJï
7KH IOH[LEOH PDQXIDFWXULQJ V\VWHP FRQVLGHUHG LQ WKLV
SDSHU FRQVLVWV RI 1& PDFKLQH WRROV õLïHïñ RQH 1& ODWKHñ
RQH WXUQLQJ FHQWHUñ DQG WZR PDFKLQLQJ FHQWHUVôñ RQH
ZDVKLQJ PDFKLQHñ WKH $6î56ñ DQG $*9Vï :RUNSDUWV DUH
PDFKLQHG DW WKH DVVLJQHG 1& PDFKLQH WRROõVô LQ WKH
SUHGHWHUPLQHG RUGHU RI RSHUDWLRQVñ DQG WKHQ WUDQVIHUUHG
E\ $*9Vï 6HWðXS RSHUDWLRQV DUH SHUIRUPHG E\ WKH
LQGXVWULDO URERW ORFDWHG LQVLGH WKH $6î56ï

,Q WKLV VWXG\ñ D VLPXODWLRQ PRGHO IRU D )06 LV
FRQVWUXFWHGï 7KHQ D SURFHGXUH IRU FRVW DFFRXQWLQJ LV
GHYHORSHG IRU REWDLQLQJ WKH XQLW FRVW RI WKH SURGXFWV
WKURXJK VLPXODWLRQ H[SHULPHQWï ,W LV VKRZQ WKDW SUHFLVH
FRVW DFFRXQWLQJ FDQ EH SHUIRUPHG EHIRUH DFWXDO
PDQXIDFWXULQJ DFWLYLWLHVñ LI NLQGV RI GHVLJQDWHG SURGXFWV
DQG WKHLU SURGXFWLRQ TXDQWLWLHV DUH VSHFLILHGï
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$FFXUDWH GHWHUPLQDWLRQ RI FRVW FRPSRQHQWV IRU WKH
RSHUDWLRQ RI D IDFWRU\ FDQ SOD\ DQ LPSRUWDQW UROH LQ WKDW
IDFWRU\©V VXFFHVVï +RZHYHUñ FXUUHQW PHWKRGV RI
DFFRXQWLQJ LQ XVH LQ PRVW IDFWRULHV GR QRW DOZD\V
GHVFULEH RU DOORFDWH FRVWV DFFXUDWHO\ï 2QH PDMRU UHDVRQ
LV YDULDQFH RI FRVW EHWZHHQ SUHGLFWHG DQG DFWXDO ILJXUHVï
,Q WKLV VWXG\ WKH SUREOHP PHQWLRQHG DERYH ZLOO EH
UHVROYHG E\ SHUIRUPLQJ VLPXODWLRQ H[SHULPHQWVï
,QFOXGLQJ FRVWV DV ZHOO DV WLPHV RQ HYHU\ RSHUDWLRQ
SURYLGHV DQ HIIHFWLYH LPSOHPHQWDWLRQ RI FRVW PRGHOLQJ
PHWKRGRORJLHV RQ WKH IDFWRU\ IORRUï

&RVW DQDO\VLV DQG FRVW DFFRXQWLQJ EHIRUH SHUIRUPLQJ
DFWXDO RSHUDWLRQV DUH SHUIRUPHG IRU D UDQGRPðDFFHVV

W\SH RI IOH[LEOH PDQXIDFWXULQJ V\VWHPï $ SURFHGXUH IRU
FRVW DFFRXQWLQJ LV GHYHORSHG IRU REWDLQLQJ WKH
PDQXIDFWXULQJ FRVWV E\ XWLOL]LQJ VLPXODWLRQ UHVXOWVï ,Q
DGGLWLRQñ LW LV FRQFOXGHG WKDW FRVW UHGXFWLRQ FRXOG EH
DFKLHYHG E\ LQFUHDVLQJ RSHUDWLRQ WLPH SHU GD\ñ E\
DQDO\]LQJ WKH FRQWHQWV RI WKH PDQXIDFWXULQJ FRVWVï
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7KH IOH[LEOH PDQXIDFWXULQJ V\VWHP õ)06ô FRPSOHWHO\
FRQWUROV ERWK PDWHULDO DQG LQIRUPDWLRQ IORZV LQ DQ RQð
OLQHñ UHDOðWLPH PRGHñ DQG LV SDUWLFXODUO\ VXLWDEOH IRU D MRE
VKRS FRQFHUQHG ZLWK SURGXFWLRQ RI YHUVDWLOH LWHPV
õ+LWRPL ìäæäôï 7KH XVH RI PDFKLQLQJ FHQWHUV ZLWK
DGDSWLYH FRQWURO GHYLFHV ZLOO LQFUHDVH IOH[LELOLW\ RI WKH
V\VWHP DQG PDFKLQH XWLOL]DWLRQï

7KH IOH[LEOH PDQXIDFWXULQJ V\VWHP FRQVLGHUHG LQ WKLV
SDSHU FRPSULVHV IRXU 1& PDFKLQH WRROV õRQH 1& ODWKHñ
RQH WXUQLQJ FHQWHUñ WZR W\SHV RI PDFKLQLQJ FHQWHUVôñ RQH
ZDVKLQJ PDFKLQHñ WZR $*9Vñ RQH $6î56 ZLWK DQ
LQGXVWULDO URERWñ DQG VR IRUWK�õ7DNDNXZD ìääèôï
:RUNSDUWV DUH WUDQVIHUUHG E\ RQH RI WKH $*9Vñ DQG WKH\
DUH VHW XS E\ RQH LQGXVWULDO URERW LQVLGH DQ $6î56ï
)XUWKHUPRUHñ HDFK ZRUNSDUW LV ORDGHG DQG XQORDGHG E\
HDFK LQGXVWULDO URERW DVVRFLDWHG ZLWK HDFK PDFKLQH WRROñ
EHIRUH DQG DIWHU PDFKLQLQJï õ7KH DQLPDWLRQ OD\RXW IRU
WKLV V\VWHP LV VKRZQ LQ )LJXUH ì õEôïô�� �

2SHUDWLRQ VHTXHQFHV DQG WKH DVVRFLDWHG SURFHVVLQJ
WLPHV IRU WKH VHOHFWHG ZRUNSDUWV DUH VXPPDUL]HG LQ 7DEOH
ìï $V DQ H[DPSOHñ OHW XV WUDFH WKH PRYHPHQW RI SURGXFW
ì VKRZQ LQ 7DEOH ìï 7KH RSHUDWLRQ VHTXHQFH LV D 1&
ODWKHñ D WXUQLQJ FHQWHUñ D YHUWLFDO W\SH RI PDFKLQLQJ
FHQWHUñ D ZDVKLQJ PDFKLQHñ D KRUL]RQWDO W\SH RI
PDFKLQLQJ FHQWHUñ DQG DJDLQ D ZDVKLQJ PDFKLQHï (YHU\
ZRUNSDUW ILUVW FRPHV RXW IURP WKH $6î56 DQG DZDLWV DQ
DYDLODEOH $*9Vï 7KHQ LW LV PRYHG WR WKH 1& VWDWLRQ
õLïHïñ WKH ILUVW VWDWLRQôï $IWHU PDFKLQLQJ DW WKH VWDWLRQñ LW
LV PRYHG WR WKH WXUQLQJ FHQWHU õLïHïñ WKH VHFRQG VWDWLRQôï
%HIRUH PDFKLQLQJ DW HDFK RI WKH WZR PDFKLQLQJ FHQWHUVñ
HDFK ZRUNSDUW VKRXOG EH VHW XS IRU PDFKLQLQJ E\ WKH
LQGXVWULDO URERW LQVLGH WKH $6î56ï



7DEOH ìã 2SHUDWLRQV 6HTXHQFH DQG 3URFHVVLQJ 7LPH
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êïì 0DQXIDFWXULQJ &RVWV

0DQXIDFWXULQJ FRVWV FRPSULVH GLUHFW FRVWV DQG LQGLUHFW
FRVWV LQ SURGXFWLRQ õWKH IROORZLQJ LWHPV DUH DGGHG IRU
WKH PRGHO RI WKH IOH[LEOH PDQXIDFWXULQJ V\VWHP LQ WKLV
VWXG\ôï
õìô 'LUHFW FRVW

GLUHFW PDWHULDOVã PDWHULDO FRVW
GLUHFW ODERUã 1î$
GLUHFW H[SHQVHVã 1î$

õëô ,QGLUHFW FRVW
LQGLUHFW PDWHULDOVã

FRVW RI FXWWLQJ RLO
FRVW RI FXWWLQJ HGJHV
LQGLUHFW ODERUã ZDJHV
LQGLUHFW H[SHQVHVã
GHSUHFLDWLRQ õPDFKLQH WRROVîHTXLSPHQWô
HOHFWULFLW\ FKDUJH
WD[DWLRQ

êïë &RVW 9DULDQFH

5HJDUGLQJ WKH FRVW YDULDQFHñ WKHUH DUH DW OHDVW VL[ VRXUFHV
RI YDULDQFHã õìô LQDSSURSULDWH VWDQGDUGñ õëô
PLVPHDVXUHPHQW RI DFWXDO UHVXOWVñ õêô
LPSOHPHQWDWLRQ�EUHDNGRZQñ õéô SDUDPHWHU SUHGLFWLRQ
HUURUñ õèô LQDSSURSULDWH GHFLVLRQ PRGHOñ DQG õçô UDQGRP
YDULDWLRQ õ+RUQJHUQ DQG )RVWHU ìäåæôï (DFK VRXUFH PD\
FDOO IRU GLIIHUHQW FRUUHFWLYH DFWLRQVñ DQG DOO RI WKHVH
FRUUHFWLYH DFWLRQV DUH FRVWO\ï (VSHFLDOO\ñ UHJDUGLQJ WKH
SDUDPHWHU SUHGLFWLRQ HUURUñ SODQQLQJ GHFLVLRQV DUH EDVHG
RQ SUHGLFWLRQVñ VXFK DV IXWXUH FRVWVñ IXWXUH VHOOLQJ SULFHVñ
DQG IXWXUH GHPDQGï ,Q PDQ\ FDVHVñ WKHUH ZLOO EH D

GLIIHUHQFH EHWZHHQ WKH UHDOL]HG YDOXH DQG WKH SUHGLFWHG
YDOXH RI WKH FRVW DQG VR IRUWKï 5HGXFLQJ WKLV VRXUFH RI
YDULDQFH UHTXLUHV GHYHORSPHQW RI D EHWWHU SUHGLFWLRQ
PRGHOï ,Q WKLV SDSHUñ D VLPXODWLRQ PRGHO LV DGRSWHG DV
VXFK D SUHGLFWLRQ PRGHOï

êïê 6LPXODWLRQð%DVHG &RVW $FFRXQWLQJ

1RZñ FXUUHQW FRVWðDFFRXQWLQJ PHWKRGV DUH XQDEOH WR
DFFRXQW IRU PDQ\ RI WKH FRVWV LQFXUUHG LQ SURGXFWLRQ
EHFDXVH RI WKH GLIILFXOW\ LQ WUDFNLQJ WKH SDUWV WKURXJK WKH
HQWLUH SURGXFWLRQ RSHUDWLRQï ,W LV DOPRVW LPSRVVLEOH WR
HVWLPDWH DFFXUDWH SHUIRUPDQFH RI WKH SURGXFWLRQ
RSHUDWLRQ ZLWKRXW VLPXODWLRQï 6LPXODWLRQ SURYLGHV WKH
LGHDO WRRO IRU FRVW HVWLPDWLQJ VLQFH LW SURYLGHV D FRPSOHWH
VXPPDU\ RI SURGXFWLRQ DFWLYLW\ï

2QH RI WKH PRVW FRPPRQ PHDQV RI DOORFDWLQJ FRVWV
WR SURGXFWV KDV EHHQ EDVHG RQ SURSRUWLRQLQJ WKHP RQ
GLUHFW ODERU FRVWVñ HYHQ WKRXJK LQ PRGHUQ KLJKO\
PHFKDQL]HG V\VWHPV GLUHFW ODERU FRVWV PD\ RQO\ EH D
VPDOO IUDFWLRQ RI WRWDO FRVW õ.DSODQ ìäåéôï $ VLPXODWLRQ
FDQ DOVR EH XVHG DV D EDVLV IRU GHILQLQJ DQG FDOFXODWLQJ
WKHVH FRVWV DV WKH SURGXFW PRYHV WKURXJK WKH V\VWHPï
7KHVH FRVWV PD\ EH DVVRFLDWHG ZLWK VWDWLRQV LQ WKH
VLPXODWLRQ PRGHO WKURXJK ZKLFK WKH SURGXFW SDVVHV DQG
PD\ LQFOXGH WKH FRQWULEXWLRQ WR FRVW RI DGGHG PDWHULDOVñ
RI VHWðXS WUDQVDFWLRQVñ RI IUHTXHQF\ LQ KDQGOLQJñ DQG
RWKHU GHWDLOHG FRQVLGHUDWLRQV WKDW UHDOLVWLFDOO\ DGG WR WKH
FRVW RI PDQXIDFWXULQJ õ=XN HW DOï ìääíôï

3URGXFWLRQîFRVW LQIRUPDWLRQ FDQ EH REWDLQHG WKURXJK
VLPXODWLRQ DV IROORZVï
õìô ,QIRUPDWLRQ RQ PDFKLQLQJ

PDFKLQLQJ WLPH õIRU HDFK PDFKLQHô
QXPEHU RI ILQLVKHG SDUWV
SURFHVVLQJ WLPH
WRROðUHSODFHPHQW WLPH
HWFï

õëô ,QIRUPDWLRQ RQ PDWHULDOV KDQGOLQJ
WUDYHO WLPH
ZRUNðLQðSURFHVV LQYHQWRU\
HWFï
,Q WKLV VWXG\ñ WKH VLPXODWLRQ LV SHUIRUPHG E\ 6,0$1

õ3HJGHQ HW DOï ìääéôâ KRZHYHUñ WKH EDVLF LGHD RI WKLV
SURFHGXUH FDQ EH DSSOLHG WR RWKHU VLPXODWLRQ ODQJXDJHVï

$QRWKHU LPSRUWDQW LVVXH LV ZKHUH WKH GHWHUPLQDWLRQ
RI FRVWV VKRXOG RFFXU ZKHQ PRGHOLQJã GXULQJ WKH
VLPXODWLRQ RU DIWHU WKH VLPXODWLRQï &RVW GHWHUPLQDWLRQ
VKRXOG RFFXU DIWHU VLPXODWLRQñ EHFDXVH WKH
¦XQDOORFDWDEOH§ FRVWV DUH QRW DV ZHOO NQRZQ GXULQJ WKH
VLPXODWLRQ DV WKH\ DUH DIWHU WKH VLPXODWLRQï

êïé $FWLYLW\ð%DVHG &RVWLQJ

5HJDUGLQJ WKH KLHUDUFK\ RI IDFWRU\ RSHUDWLQJ H[SHQVHVñ
IRXU DFWLYLWLHV DUH VHSDUDWHG LQ DFWLYLW\ðEDVHG FRVWLQJñ
WKDW LVñ XQLWðOHYHO DFWLYLWLHVñ EDWFKðOHYHO DFWLYLWLHVñ

3DUW W\SH 1& ODWKH 7XUQLQJ
FHQWHU

9ï PDFKLQLQJ
FHQWHU

+ï PDFKLQLQJ
FHQWHU

:DVKLQJ
PDFKLQH

3URGXFW ì ì ë ê è éñç
ììçïé êíç çíéïæ æäêïå ìåíõ[ëô

3URGXFW ë ì ë ê
ëèèïç èìí ìåí

3URGXFW ê ì
êåçïé

3URGXFW é ì
ëäìïç

3URGXFW è ì
çççïç

3URGXFW ç ì
çíèïé

3URGXFW æ ì ê ëñé
æäìïé åèêïë ìåíõ[ëô

3URGXFW å ì ë
æäçïë ìåí

3URGXFW ä ì ë
åçé ìåí

>8SSHUã WKH VHTXHQFH RI RSHUDWLRQVâ /RZHUã WKH SURFHVVLQJ WLPHõVHFïô@
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SURGXFWðVXVWDLQLQJ DFWLYLWLHVñ DQG IDFLOLW\ðVXVWDLQLQJ
DFWLYLWLHV õ&RRSHU DQG .DSODQ ìääìôï )LUVWO\ñ H[SHQVHV
IRU XQLWðOHYHO DFWLYLWLHV FRQVLVW RI GLUHFW ODERUñ PDWHULDOVñ
PDFKLQH FRVWVñ HQHUJ\ñ DQG VR RQï 6HFRQGO\ñ H[SHQVHV
IRU EDWFKðOHYHO DFWLYLWLHV FRQVLVW RI VHWXSVñ PDWHULDO
PRYHPHQWVñ SXUFKDVH RUGHUVñ LQVSHFWLRQñ DQG VR RQï
7KLUGO\ñ SURGXFWðVXVWDLQLQJ DFWLYLWLHV FRQVLVW RI SURFHVV
HQJLQHHULQJñ SURGXFW VSHFLILFDWLRQVñ HQJLQHHULQJ FKDQJH
QRWLFHVñ SURGXFW HQKDQFHPHQWñ DQG VR RQï )LQDOO\ñ
IDFLOLW\ðVXVWDLQLQJ DFWLYLWLHV FRQVLVW RI SODQW
PDQDJHPHQWñ PDLQWHQDQFH RI WKH EXLOGLQJ DQG JURXQGVñ
KHDWLQJ DQG OLJKWLQJ ñ DQG VR RQï 8QLWðOHYHO DFWLYLWLHV DQG
EDWFKðOHYHO DFWLYLWLHV FRXOG EH H[DPLQHG WKURXJK
VLPXODWLRQ IURP DPRQJ WKRVH DFWLYLWLHVï 7KHUHIRUHñ WKHVH
LVVXHV DUH WUHDWHG VROHO\ IRU DQDO\VLV LQ WKLV VWXG\ï

7KH SURFHGXUH RI DSSO\LQJ IL[HG FRVWV WR SURGXFWV
WKURXJK D FRVW PDUNXS SHUFHQWDJHñ EDVHG RQ VRPH
UHDVRQDEOH PHDVXUH RI DFWLYLW\ LQ D GHSDUWPHQW
õPDFKLQHðKRXUV LQ IDEULFDWLRQñ ODERUðKRXUV LQ DVVHPEO\ôñ
KDG LWV RULJLQV LQ WKH ILQDQFLDO DFFRXQWLQJ UHTXLUHPHQW WR
DOORFDWH DOO SURGXFWLRQ FRVWV WR LWHPV SURGXFHGï 7KLV
V\VWHP ZRUNV ZHOO DW WKH DJJUHJDWH OHYHO RI ILQDQFLDO
VWDWHPHQWV ¤ WR REWDLQ YDOXHV IRU LQYHQWRU\ DQG FRVW RI
VDOHV ¤ DQG LV JHQHUDOO\ LQH[SHQVLYH WR RSHUDWHï
+RZHYHUñ WKH V\VWHP FDQ SURGXFH HQRUPRXV HUURUV LQ
DWWULEXWLQJ WKH FRQVXPSWLRQ RI SURGXFWLRQ UHVRXUFHV WR
LQGLYLGXDO SURGXFWV õ.DSODQ DQG $WNLQVRQ ìäåäôï

,Q DQ DFWLYLW\ðEDVHG V\VWHPñ WKH FRVW RI D SURGXFW LV
WKH VXP RI WKH FRVW RI DOO DFWLYLWLHV UHTXLUHG WR
PDQXIDFWXUH DQG GHOLYHU WKH SURGXFWï 7KH DOORFDWLRQ
EDVHV XVHG E\ DFWLYLW\ðEDVHG FRVW V\VWHPV DUH WHUPHG
FRVW GULYHUVï $ YDULHW\ RI FRVW GULYHUV FDQ EH XVHG WR
WUDFH YROXPHðXQUHODWHG FRVWVñ LQFOXGLQJã

� 6HWXS KRXUVï
� 1XPEHU RI VHWXSVï
� 0DWHULDO KDQGOLQJ KRXUVï
� 1XPEHU RI WLPHV KDQGOHGï
� 2UGHULQJ KRXUVï
� 1XPEHU RI WLPHV RUGHUHGï
� 3DUW QXPEHU DGPLQLVWUDWLRQ KRXUVï
� 1XPEHU RI SDUW QXPEHUV PDLQWDLQHGï
0DQDJLQJ FRVWV DFURVV WKH ILUP PHDQV PDQDJLQJ WKH

FRVWV LQFXUUHG EHIRUH WKH SURGXFW LV PDQXIDFWXUHG
õXSVWUHDP FRVWVñ LïHïñ UHVHDUFK DQG GHYHORSPHQWñ DQG
SURGXFW GHVLJQñ DQG VR RQôñ ZKLOH WKH SURGXFW LV
PDQXIDFWXUHG õPDQXIDFWXULQJ FRVWVôñ DQG DIWHU WKH
SURGXFW LV PDQXIDFWXUHG õGRZQVWUHDP FRVWVñ LïHïñ
PDUNHWLQJñ GLVWULEXWLRQñ FXVWRPHU VHUYLFHñ DQG VR RQôï
7RWDO PDQXIDFWXULQJ FRVW LV WKH VXP RI WKH FRVW RI
PDWHULDOVñ ODERUñ DQG DSSOLHG RYHUKHDGï ,I PDQXIDFWXULQJ
RYHUKHDG ZHUH D QHJOLJLEOH SRUWLRQ RI WRWDO SURGXFW FRVWñ
PLVDSSOLFDWLRQ RI PDQXIDFWXULQJ RYHUKHDG ZRXOG QRW EH
D FRQFHUQï +RZHYHUñ LQ D EXVLQHVV HQYLURQPHQW
FKDUDFWHUL]HG E\ KLJK WHFKQRORJ\ PDQXIDFWXULQJñ
RYHUKHDG FRVW LV D ODUJH SHUFHQWDJH RI WRWDO

PDQXIDFWXULQJ FRVWï :KLOH RYHUKHDG DV D SHUFHQWDJH RI
WRWDO PDQXIDFWXULQJ FRVWV KDV VWHDGLO\ LQFUHDVHGñ WKH
SHUFHQWDJH RI GLUHFW ODERU FRQWHQW KDV GHFUHDVHG õ5XKO
DQG %DLOH\ñ ìääéôï
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%HIRUH SHUIRUPLQJ FRVW DQDO\VLV LW VKRXOG EH VWUHVVHG WKDW
WKHUH H[LVW VRPH LPSRUWDQW DVSHFWV RI HIILFLHQF\ DQG FRVW
DQDO\VLVï ,Q WKLV VHFWLRQñ LVVXHV RQ ¦SURGXFWðPL[î
PDFKLQH ORDGLQJ§ DQG ¦VFKHGXOLQJ HIIHFW§ DUH VHOHFWHG
HVSHFLDOO\ WR EH H[DPLQHGñ E\ SHUIRUPLQJ VLPXODWLRQ
H[SHULPHQWVï

éïì 3URGXFWð0L[ DQG 0DFKLQH /RDGLQJ

6LQFH DYDLODEOH UHVRXUFHV IRU SURGXFWLRQñ VXFK DV
PDFKLQHV DQG ODERUñ DUH OLPLWHG IRU HDFK LQGLYLGXDO
PDQXIDFWXULQJ ILUPñ LW LV GHVLUDEOH WR HIIHFWLYHO\ DOORFDWH
DQG XWLOL]H WKRVH SURGXFWLRQ UHVRXUFHV ZKLFK GHWHUPLQH
WKH RSWLPDO NLQGV DQG TXDQWLWLHV RI SURGXFWV WR
PDQXIDFWXUHï

1RZñ VXSSRVH WKDW ZH ZDQW WR SURGXFH VRPH NLQGV RI
SURGXFWV IURP DPRQJ QLQH SURGXFWV VKRZQ LQ 7DEOH ì
ZLWK WKH SURGXFWLRQ UHVRXUFHV LQ RQH VKLIW RI RSHUDWLRQñ
LïHïñ HLJKW KRXUVï 7R VROYH WKLV SURGXFWðPL[ DQG
UHTXLUHPHQWV SUREOHPñ WKH IROORZLQJ OLQHDU SURJUDPPLQJ
PRGHO LV REWDLQHGã

0D[LPL]H ëíïì [ì ò ìäïå [ë ò çïæí [ê ò çïæí [é ò çïèí [è
ò çïèí [ç ò ìïäì [æ ò åïçí [å ò ìèïå [ä

VXEMHFW WR
ììçïé [ì ò êåçïé [ê ò ëäìïç [é � ëåñåíí
êíç [ì ò ëèèïç [ë ò çççïç [è ò çíèïé [ç � ëåñåíí
çíéïæ [ì ò èìí [ë ò æäìïé [æ ò æäçïë [å � ëåñåíí
æäêïå [ì ò åèêïë [æ ò åçé [ä � ëåñåíí
êçí [ì ò ìåí [ë ò êçí [æ ò ìåí [å ò ìåí [ä � ëåñåíí
[ì ð [ë  í
[ � í ã LQWHJHU

7KH REMHFWLYH IXQFWLRQ LV WKH WRWDO SURILW JDLQHGñ DQG
ëåñåíí WLPH XQLWV õVHFRQGVô DUH DYDLODEOH IRU PDFKLQH
UHVRXUFHVï ,Q DGGLWLRQñ WKH ODVW FRQVWUDLQW PHDQV WKDW WKH
QXPEHUV RI SURGXFW ì DQG SURGXFW ë VKRXOG EH VDPH IRU
SURGXFWLRQ WR SXW WKHP WRJHWKHUï

7KH RSWLPDO VROXWLRQ WR WKH DERYHðOLVWHG SUREOHP LV
REWDLQHG DV IROORZVã [ìó  ëèñ [ëó ëèñ [éó ååñ [çó ëêñ
[äó ä õSFVïôï +RZHYHUñ WKH WLPH QHHGHG WR SURGXFH DOO
WKHVH SURGXFWV ZRXOG EH DSSUR[LPDWHO\ éìñííí WR çìñííí
VHFRQGVñ E\ SHUIRUPLQJ VLPXODWLRQñ DQG LW LV IRXQG WR EH
PXFK PRUH WKDQ ëåñåíí VHFRQGVï +HQFHñ DOO WKHVH
SURGXFWV FDQQRW EH SURGXFHG GHILQLWHO\ ZLWKLQ RQH VKLIW
RI RSHUDWLRQï
éïë 6FKHGXOLQJ (IIHFWV
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,Q WKH G\QDPLF VLWXDWLRQñ ZRUNSLHFHV DUULYH DW WKH VKRS
UDQGRPO\ RYHU WLPHñ VR WKDW WKH VKRS LWVHOI EHKDYHV OLNH D
QHWZRUN RI TXHXHVï ,Q WKLV FRQWH[Wñ VFKHGXOLQJ LV
JHQHUDOO\ FDUULHG RXW E\ PHDQV RI GLVSDWFKLQJ GHFLVLRQVã
DW WKH WLPH D PDFKLQH EHFRPHV IUHH D GHFLVLRQ PXVW EH
PDGH UHJDUGLQJ ZKDW LW VKRXOG GR QH[Wï 7KHVH
VFKHGXOLQJ GHFLVLRQV DUH XQDYRLGDEOH LQ WKH RSHUDWLRQ RI
VXFK D V\VWHP õ%DNHU ìäæéôï ,Q WKLV VHFWLRQñ VHYHQ
VFKHGXOLQJ UXOHV ñ LïHïñ /:.5õ/HDVW :RUN 5HPDLQLQJôñ
0:.5 õ0RVW :RUN 5HPDLQLQJôñ 7:25. õ7RWDO
:RUNôñ /7:25. õ/HDVW 7RWDO :RUNôñ )&)6 õ)LUVW
&RPH )LUVW 6HUYHGôñ 637 õ6KRUWHVW 3URFHVVLQJ 7LPHôñ
DQG )$6)6 õ)LUVW $UULYDO DW WKH 6KRS )LUVW 6HUYHGô DUH
DSSOLHG WR DOO TXHXHV LQ WKH V\VWHPñ ZKHQ SHUIRUPLQJ
VLPXODWLRQï

$ OLVW RI PD[LPXP IORZ WLPHV WR SURFHVV WKH VHW RI
SURGXFWV õLïHïñ ëè SLHFHV RI SURGXFW ìñ ëè SLHFHV RI
SURGXFW ëñ åå SLHFHV RI SURGXFW éñ ëê SLHFHV RI SURGXFW çñ
DQG ä SLHFHV RI SURGXFW äô REWDLQHG LQ WKH SUHYLRXV
VHFWLRQ LV VXPPDUL]HG LQ 7DEOH ëñ DGRSWLQJ HDFK
VFKHGXOLQJ UXOHï ,W LV REVHUYHG WKDW WKH PD[LPXP IORZ
WLPH XQGHU WKH 0:.5 õ0RVW :RUN 5HPDLQLQJô UXOH LV
WKH PLQLPXP DPRQJ WKRVH XQGHU DQ\ RWKHU VFKHGXOLQJ
UXOHV LQ WKLV FDVHï 7KLV UHVXOW GHPRQVWUDWHV VXEVWDQWLDO
GLIIHUHQFHV RQ WKH PD[LPXP IORZ WLPH E\ DSSO\LQJ WKH
GLVSDWFKLQJ SURFHGXUHâ LW LV LPSRUWDQW WR VHHN RXW WKH
GHFLVLRQ UXOHV WKDW SURPRWH JRRG SHUIRUPDQFHï

7DEOH ëã 0D[LPXP )ORZ 7LPH XQGHU 0DMRU 6FKHGXOLQJ
5XOHV

è 6(0,ð*(1(5$7,9( 352&('85( 2)
$&7,9,7<ð%$6(' &267,1*:,7+
6,08/$7,21

èïì 7KH 3URFHGXUH

$ VHPLðJHQHUDWLYH SURFHGXUH RI DFWLYLW\ðEDVHG FRVWLQJ
ZLWK VLPXODWLRQ LV SURSRVHG LQ WKLV VWXG\ñ HVSHFLDOO\ IRU
WKH IOH[LEOH PDQXIDFWXULQJ V\VWHP GHVFULEHG LQ VHFWLRQ ëï
7KH SULFH õQXPHULFDO H[DPSOHVô DQG WKH VHUYLFH OLIH RI
HDFK V\VWHP FRPSRQHQW RI WKH IOH[LEOH PDQXIDFWXULQJ
V\VWHP LV VXPPDUL]HG LQ 7DEOH êï 0LVFHOODQHRXV FRVWV

VXFK DV V\VWHP FRQWUROOHUV DUH DVVLJQHG DGHTXDWHO\ WR WKH
FRUUHVSRQGLQJ LWHPV OLVWHG LQ 7DEOH êï 7KH VHUYLFH OLIH LV
QHHGHG WR FDOFXODWH GHSUHFLDWLRQ IRU HDFK HTXLSPHQW XQLWï

7KHUH DUH WZR PDMRU VWDJHVã õìô VLPXODWLRQ DQG õëô
DFWLYLW\ðEDVHG FRVWLQJ LQ WKH SURFHGXUHï 7KH VFKHPH RI
WKLV SURFHGXUH LV LQGLFDWHG LQ )LJXUH ìï %\ XVLQJ WKLV
JHQHUDWLYH V\VWHPñ DFWLYLW\ðEDVHG FRVWLQJ ZRXOG VWDUW
DXWRPDWLFDOO\ ZLWKRXW LQSXWWLQJ DQ\ GDWDñ LPPHGLDWHO\
DIWHU D VLPXODWLRQ H[SHULPHQW LV ILQLVKHG DQG WKH
FRUUHVSRQGLQJ ([FHO ILOH LV RSHQHGï 7KXV DOO RI WKH
UHTXLUHG FDOFXODWLRQ ZLOO EH PDGH E\ WKH V\VWHPï

7DEOH êã 3ULFH DQG 6HUYLFH /LIH RI WKH 6\VWHP

)LJXUH ì LOOXVWUDWHV WKH JHQHUDO SURFHGXUH WR H[HFXWH
VLPXODWLRQ H[SHULPHQW ZLWK WKH UHVXOWDQW H[WHUQDO ILOHV
DQG JHQHUDWH D VHULHV RI DFWLYLW\ðEDVHG FRVWLQJ WDEOHV LQ
RQH ([FHO ILOHï 2QH H[WHUQDO ILOH LV UHTXLUHG WR SHUIRUP
VLPXODWLRQ LQ DGYDQFHñ DV VKRZQ LQ )LJXUH ì õDôï 7KLV
ILOH FRQWDLQV DOO GDWD RQ WKH PDFKLQLQJ WLPH IRU HDFK
VSHFLILHG ZRUNSDUW ZLWK HDFK FXWWLQJ HGJH DW HDFK
PDFKLQH WRROï 7KH DQLPDWLRQ OD\RXW IRU WKH IOH[LEOH
PDQXIDFWXULQJ V\VWHP LV VKRZQ LQ )LJXUH ì õEôï 7KH
QXPEHUV RI ILQLVKHG ZRUNSDUWV DUH LQGLFDWHG RQ WKH
VFUHHQ DV ZHOOï

$IWHU VLPXODWLRQ LV SHUIRUPHGñ RQH H[WHUQDO ILOH ZLOO
EH JHQHUDWHGâ LW FRQWDLQV WKH VXPPDU\ RI PDFKLQLQJ WLPH
ZLWK HDFK FXWWLQJ HGJH DW HYHU\ PDFKLQH WRROï 7KH
H[WHUQDO ILOH LV VKRZQ WRJHWKHU ZLWK WKH $5(1$
VXPPDU\ UHSRUW LQ )LJXUH ì õFôï ,PPHGLDWHO\ DIWHU WKH
FRUUHVSRQGLQJ ([FHO ILOH LV RSHQHGñ WKH UHTXLUHG GDWD
REWDLQHG E\ VLPXODWLRQ ZLOO EH DXWRPDWLFDOO\ LQSXWWHG WR
WKH ILOHï )RXU VKHHWV RI WKH ([FHO ILOH DUH VHOHFWHG DQG
VKRZQ LQ )LJXUH ì õGôï 7KHQñ DFWLYLW\ðEDVHG FRVWLQJ ZLOO
EH SHUIRUPHGñ E\ ILOOLQJ WKH UHTXLUHG FHOOV RI D VHULHV RI
([FHO VKHHWV VHTXHQWLDOO\ DQG DXWRPDWLFDOO\ï )LQDOO\ñ WKH
XQLW PDQXIDFWXULQJ FRVW IRU HDFK SURGXFW ZLOO EH
REWDLQHG LQ WKH ILQDO VKHHW RI WKH ([FHO ILOHï 7KXV
DFWLYLW\ðEDVHG FRVWLQJ ZLOO EH GRQHñ E\ PDNLQJ XVH RI
VLPXODWLRQ UHVXOWVï

õVHFïô
6FKHGXOLQJ UXOH 0D[LPXPIORZWLPH

/:.5õ/HDVW :RUN5HPDLQLQJô èìñææå
0:.5õ0RVW:RUN5HPDLQLQJô éìñéíë
7:25.õ7RWDO :RUNô èìñæäç
/7:25.õ/HDVW 7RWDO :RUNô éìñéíå
)&)6 õ)LUVW &RPH)LUVW 6HUYHGô çìñíæå
637 õ6KRUWHVW 3URFHVVLQJ7LPHô éåñíéé
)$6)6 õ)LUVW $UULYDO DW WKH 6KRS )LUVW 6HUYHGô çìñíæå

,WHP 3ULFH 6HUYLFH OLIH
õùìñíííô õ\HDUVô

1& ODWKH êæêïç ìí
7XUQLQJ FHQWHU éêçïæ ìí
9ï 0DFKLQLQJ FHQWHU éçìïç ìí
+ï 0DFKLQLQJ FHQWHU èíìïì ìí
:DVKLQJ PDFKLQH ìæèïå ìí
$*9 V\VWHP ìñíëèïç ìë
$6î56 æêëïè ìí
7RRO PDQDJHPHQW ëäêïì ìí

7RWDO éñíííïí ð
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õDô ([WHUQDO )LOH õ,QSXWô

õEô 3HUIRUPLQJ 6LPXODWLRQ

)LJXUH ìã $ 6HPLð*HQHUDWLYH 3URFHGXUH RI $FWLYLW\ð%DVHG &RVWLQJ ZLWK 6LPXODWLRQ õ&RQWLQXHGô
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õFô 6XPPDU\ 5HSRUW DQG ([WHUQDO )LOH õ2XWSXWô

õGô 6HPLð*HQHWLYH $FWLYLW\ð%DVHG &RVWLQJ 6\VWHP

)LJXUH ìã $ 6HPLð*HQHUDWLYH 3URFHGXUH RI $FWLYLW\ð%DVHG &RVWLQJ ZLWK 6LPXODWLRQ
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èïë &RVW $FFRXQWLQJ IRU 9DULRXV 7\SHV RI 3URGXFWV

7DEOH é VKRZV WKH GHWDLOHG FRQWHQWV RI FRVW DFFRXQWLQJ WR
SURGXFH WKH VSHFLILHG QXPEHUV RI SLHFHV RI WKH ILYH W\SHV
RI SURGXFWV õLïHïñ SURGXFW ìã ëè SFVïñ SURGXFW ëã ëè SFVïñ
SURGXFW éã åå SFVïñ SURGXFW çã ëê SFVïñ DQG SURGXFW äã ä
SFVï VKRZQ LQ 7DEOH ì LQ WKLV FDVHôñ ZKHQ DSSO\LQJ WKH
637 VFKHGXOLQJ UXOH RQ HYHU\ TXHXH VXFK DV WKH TXHXH
IRU $*9V DW WKH H[LW RI $6î56ï $OWKRXJK WKHUH DUH D ORW
RI VXEVLGLDU\ WDEOHV DV VKRZQ LQ )LJXUH ìñ PDMRU UHVXOWV
RQ DFFRXQWLQJ DUH VXPPDUL]HG LQ 7DEOH éï

7DEOH é FRPSULVHV WZR PDMRU SDUWVñ WKDW LVñ IL[HG
FRVWV DQG YDULDEOH FRVWVï $ IL[HG FRVW LV D FRVW WKDW
UHPDLQV XQFKDQJHG LQ WRWDO IRU D JLYHQ WLPH SHULRG
GHVSLWH ZLGH FKDQJHV LQ WKH UHODWHG WRWDO DFWLYLW\ RU
YROXPHï ,Q WKLV FDVHñ GHSUHFLDWLRQñ FXWWLQJ RLOñ HOHFWULFLW\
FKDUJHñ DQG VR RQñ DUH FODVVLILHG LQWR IL[HG FRVWVï 2Q WKH
RWKHU KDQGñ D YDULDEOH FRVW LV D FRVW WKDW FKDQJHV LQ WRWDO
LQ GLUHFW SURSRUWLRQ WR FKDQJHV LQ WKH UHODWHG WRWDO
DFWLYLW\ RU YROXPHï )RU H[DPSOHñ PDWHULDO FRVWV DUH
YDULDEOH FRVWVï 7KH FRQWHQWV RI DOO FRVW LWHPV DUH
VXPPDUL]HG DQG XVHG IRU FDOFXODWLQJ WKH XQLW
PDQXIDFWXULQJ FRVWV RI SURGXFWVï

7KH WHUP 3HUFHQWDJH RI YDOXH DGGHG VWDQGV IRU WKH
UHODWLYH UDWLR RI YDOXH DGGHG IRU HDFK SURGXFW ZKLFK LV
SURGXFHG WKURXJK WKLV PDQXIDFWXULQJ V\VWHPï ,Q WKLV
FDVHñ WKHVH YDOXHV DUH XVHG DV WKH UDWHV IRU DOORFDWLQJ
IL[HG FRVWV õ6DNXUDL ìääèôï 1RZñ LW LV DVVXPHG WKDW WKH
YDOXHV RI êäñ ìäñ ììñ ìëñ DQG ìä DUH DVVLJQHG LQ
SHUFHQWDJH IRU HDFK SURGXFW UHVSHFWLYHO\ï 7KH XQLW

PDQXIDFWXULQJ FRVWV RI WKHVH ILYH W\SHV RI SDUWV DUH
DSSUR[LPDWHO\ ùêìïäêñ ùìæïëæñ ùæïçäñ ùììïìçñ DQG
ùëæïæêñ UHVSHFWLYHO\ñ DV VKRZQ LQ 7DEOH éï ,W LV IRXQG
WKDW SUHFLVH DFWLYLW\ðEDVHG FRVW DFFRXQWLQJ FDQ EH
SHUIRUPHG EHIRUH DFWXDO PDQXIDFWXULQJ DFWLYLWLHVï ,I WKH
PRUH UHDVRQDEOH UDWLRV FRXOG EH DGRSWHG IRU DOORFDWLQJ
IL[HG FRVWVñ WKH YDOXHV PLJKW EH VXEVWLWXWHG E\ WKHPï

$SSO\LQJ VHYHQ VFKHGXOLQJ UXOHV GHVFULEHG LQ VHFWLRQ
éïëñ DFWLYLW\ðEDVHG FRVWLQJ LV SHUIRUPHG IRU HDFK
VFKHGXOLQJ UXOHñ WRJHWKHU ZLWK FRUUHVSRQGLQJ VLPXODWLRQ
H[SHULPHQWï 7KH XQLW PDQXIDFWXULQJ FRVWV IRU DOO
SURGXFWV DUH VXPPDUL]HG LQ 7DEOH èï ,W LV IRXQG WKDW WKH
PDQXIDFWXULQJ FRVW PLJKW YDU\ñ GHSHQGLQJ RQ WKH
DGRSWHG VFKHGXOLQJ UXOHï

ç 6800$5<

$ IUDPHZRUN RI WKH VHPLðJHQHUDWLYH SURFHGXUH RI
DFWLYLW\ðEDVHG FRVWLQJ ZLWK VLPXODWLRQ LV SURSRVHGï
$FWLYLW\ðEDVHG FRVWLQJ DQDO\VLV RI WKH UDQGRPðDFFHVV
W\SH RI WKH IOH[LEOH PDQXIDFWXULQJ V\VWHP õ)06ô LV
SHUIRUPHG IURP ERWK HIILFLHQW DQG HFRQRPLF VWDQGSRLQWVñ
E\ SHUIRUPLQJ VLPXODWLRQâ DQG QXPHULFDO H[DPSOHV DUH
GHPRQVWUDWHGñ EDVHG RQ DQ UHDO IOH[LEOH PDQXIDFWXULQJ
V\VWHPï ,Q DGGLWLRQñ LW LV VKRZQ WKDW SUHFLVH FRVW
DFFRXQWLQJ FDQ EH SHUIRUPHG E\ XWLOL]LQJ VLPXODWLRQ
EHIRUH DFWXDO PDQXIDFWXULQJ DFWLYLWLHV DUH SHUIRUPHGñ LI
NLQGV RI GHVLJQDWHG SURGXFWV DQG WKHLU SURGXFWLRQ
TXDQWLWLHV DUH VSHFLILHGï

7DEOH éã 6XPPDU\ RI $FWLYLW\ð%DVHG &RVWLQJ LQ $SSO\LQJ 637 5XOH

,WHP 1&ODWKH 7XUQLQJ
FHQWHU

9ïPDFKLQLQJ
FHQWHU

+ïPDFKLQLQJ
FHQWHU

:DVKLQJ
PDFKLQH

$6î56 $*9V\VWHP 0DQDJHPHQW 6\VWHP
DGPLQLVWUDWLRQ

7RWDO

&XWWLQJRLO õùô ìïçå ìïëè ìïëí ìïìæ íïåê íïíí íïíí íïíí íïíí çïìê
'HSUHFLDWLRQõHTXLSPHQWô õùô éäïæå èåïìä çìïèì ççïææ ëêïéë äæïçí ììêïåå íïíí êäïíè èìíïëì
'HSUHFLDWLRQõEXLOGLQJô õùô êïëä êïëä êïëä êïëä êïëä êïëä êïëä êïëä êïëä ëäïçì
(OHFWULFLW\FKDUJHõIL[HGô õùô éïåå êïçë êïèí êïéì ëïéí ìïíê íïäí íïìê íïìê ëíïíí
7D[DWLRQ õùô ìïäå ëïëì ëïëì ëïëì íïåä êïäæ éïëå íïíí íïíí ìæïææ
7RWDOõIL[HGFRVWô õùô çìïçì çåïèæ æìïæì æçïåè êíïåê ìíèïåä ìëëïêè êïéë éëïéå èåêïæë
7RWDOõWREHDOORFDWHGô õùô çìïçì çåïèæ æìïæì æçïåè êíïåê ìíèïåä ìëëïêè êïéë éëïéå èåêïæë
:DJHV õùô íïíí íïíí íïíí íïíí íïíí íïíí íïíí ìêìïèì ìêìïèì ëçêïíì
(OHFWULFLW\FKDUJHõYDULDEOHô õùô ëæïêæ ëíïêê ìäïçì ìäïìí ìêïéæ èïæå èïíè èïíè èïíè ìëíïåì
7RWDOõYDULDEOH FRVWô õùô ëæïêæ ëíïêê ìäïçì ìäïìí ìêïéæ èïæå èïíè ìêçïèè ìêçïèè êåêïåë
7RWDOõWREHDOORFDWHGô õùô ååïäå ååïåä äìïêë äèïäè ééïêí ìììïçæ ìëæïéì ìêäïäå ìæäïíê äçæïèé

,WHP 3URGXFWì 3URGXFWë 3URGXFWê 3URGXFWé 3URGXFWè 3URGXFWç 3URGXFWæ 3URGXFWå 3URGXFWä 7RWDO
3HUFHQWDJHRIYDOXHDGGHG õøô êä ìä í ìì í ìë í í ìä ìíí
7RWDOõWREHDOORFDWHGô õùô ëëæïçè ììíïäì íïíí çéïëì íïíí æíïíè íïíí íïíí ììíïäì èåêïæë
7RWDOõYDULDEOH FRVWô õùô ìçéïèä æìïêç íïíí ææïéæ íïíí éëïíê íïíí íïíí ëåïêç êåêïåë
&XWWLQJHGJHV õùô ëèçïìë ääïçí íïíí æïìì íïíí çïçë íïíí íïíí èçïêê éëèïæä
0DWHULDO FRVW õùô ìèíïíí ìèíïíí íïíí èëåïíí íïíí ìêåïíí íïíí íïíí èéïíí ìíëíïíí
0DQXIDFWXULQJFRVW õùô æäåïêç éêìïåæ íïíí çæçïæä íïíí ëèçïæí íïíí íïíí ëéäïçí ëéìêïêê
4XDQWLWLHV õSFVïô ëè ëè í åå í ëê í í ä ìæí
8QLWPDQXIDFWXULQJFRVW õùîSFô êìïäê ìæïëæ íïíí æïçä íïíí ììïìç íïíí íïíí ëæïæê ð
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7DEOH èã &RPSDULVRQ RI 8QLW 0DQXIDFWXULQJ &RVW

$&.12:/('*0(176

7KH DXWKRU ZLVKHV WR WKDQN 0Uï .ï +LUDQR RI .RGR
3RO\WHFK &HQWHU LQ &KLEDñ -DSDQñ IRU KLV FRXUWHV\ LQ
UHIHUULQJ WR WKH IOH[LEOH PDQXIDFWXULQJ V\VWHPï ,Q
DGGLWLRQñ WKH DXWKRU ZLVKHV WR WKDQN 0Uï 7ï )XMLL IRU KLV
DVVLVWDQFHï

5()(5(1&(6

%DNHUñ .ï 5ïñ ìäæéï ,QWURGXFWLRQ WR 6HTXHQFLQJ DQG
6FKHGXOLQJñ -RKQ :LOH\ ÷ 6RQVñ 1HZ <RUNñ 1HZ
<RUNã ëìêðëêêï

+RUQJUHQñ &ï7ï DQG *ï )RVWHUñ ìäåæï &RVW $FFRXQWLQJñ
çWK HGLWLRQñ 3UHQWLFHð+DOOñ ,QFïñ (QJOHZRRG &OLIIVñ
1HZ -HUVH\ã åìèðåìæï

&RRSHUñ 5ï DQG 5ï 6ï .DSODQñ ìääìï ¦3URILW SULRULWLHV
IURP DFWLYLW\ðEDVHG FRVWLQJñ§ +DUYDUG %XVLQHVV
5HYLHZñ 0D\ð-XQH ìääìã ìêíðìêèï

+LWRPLñ .ï ìäæäï 0DQXIDFWXULQJ 6\VWHPV (QJLQHHULQJñ
7D\ORU DQG )UDQFLV /WGïñ /RQGRQã ëêíï

.DSODQñ 5ï 6ï ìäåçï ¦0XVW &,0 EH MXVWLILHG E\ IDLWK

DORQH"ñ§ +DUYDUG %XVLQHVV 5HYLHZñ 0DUFKð$SULO
ìäåçã åæðäêï

.DSODQñ 5ï 6ï DQG $ï $ï $WNLQVRQñ ìäåäï $GYDQFHG
0DQDJHPHQW $FFRXQWLQJñ ëQG HGLWLRQñ 3UHQWLFH +DOOñ
,QFïñ (QJOHZRRG &OLIIVñ 1HZ -HUVH\ã ìäìðìäéï

3HJGHQñ &ï 'ïñ 5ï (ï 6KDQQRQñ DQG 5ï 3ï 6DGRZVNLï ìääéï
,QWURGXFWLRQ WR 6LPXODWLRQ 8VLQJ 6,0$1ñ ëQG HGïñ
0F*UDZð+LOOñ ,QFïñ 1HZ <RUNñ 1HZ <RUNï

5XKOñ -ï0ï DQG 7ï $ï %DLOH\ï ìääéï ¦$FWLYLW\ðEDVHG
FRVWLQJ IRU WKH WRWDO EXVLQHVVñ§ 7KH &3$ -RXUQDOñ
)HEUXDU\ ìääéã êéðêåï

6DNXUDLñ 0ï ìääèï 0DQDJHPHQW RI ,QGLUHFW &RVWVñ &KXR
.HL]DLðVKDñ /WGïñ 7RN\Rã äèï õLQ -DSDQHVHô

7DNDNXZDñ 6ï ìääèï (FRQRPLF $QDO\VLV RI )$î&,0ñ
&KXR .HL]DLðVKDñ /WGïñ 7RN\Rã åíðäìï õLQ -DSDQHVHô

=XNñ -ï 6ï HW DOï ìääíï ¦(IIHFWLYH FRVW PRGHOLQJ RQ WKH
IDFWRU\ IORRUã WDNLQJ VLPXODWLRQ WR WKH ERWWRP OLQH
õ3DQHOôñ§ 3URFHHGLQJV RI WKH ìääí :LQWHU 6LPXODWLRQ
&RQIHUHQFHñ ,QVWLWXWH RI (OHFWULFDO DQG (OHFWURQLFV
(QJLQHHUVñ 3LVFDWDZD\ñ 1HZ -HUVH\ã ïèäíðèäéï

$87+25%,2*5$3+<

62(021 7$.$.8:$ LV D 3URIHVVRU RI (FRQRPLFV
DW 1DJR\D 8QLYHUVLW\ LQ -DSDQï +H UHFHLYHG KLV %ï 6Fï
DQG 0ï 6Fï GHJUHHV LQ LQGXVWULDO HQJLQHHULQJ IURP
1DJR\D ,QVWLWXWH RI 7HFKQRORJ\ LQ ìäæè DQG IURP 7RN\R
,QVWLWXWH RI 7HFKQRORJ\ LQ ìäææ UHVSHFWLYHO\ï +LV 3Kï'ï
LV LQ LQGXVWULDO HQJLQHHULQJ IURP 7KH 3HQQV\OYDQLD 6WDWH
8QLYHULVW\ï +H KDV SUHSDUHG WKH -DSDQHVH HGLWLRQ RI
,QWURGXFWLRQ WR 6LPXODWLRQ 8VLQJ 6,0$1ï +H ZDV
DZDUGHG E\ -DSDQ )RXQGDWLRQ IRU WKH 3URPRWLRQ RI
0DFKLQH 7RROV WKHLU 3UL]H LQ ìäåéñ DQG E\ 6&6ñ
,QWHUQDWLRQDO IRU WKH %HVW 3DSHU $ZDUG RI ¦0RGHOOLQJ
DQG 6LPXODWLRQ ìääë§ï +LV UHVHDUFK LQWHUHVWV DUH LQ WKH
DUHD RI RSWLPL]DWLRQ RI PDQXIDFWXULQJ V\VWHPV DQG
VLPXODWLRQ

õùîSFïô
6FKHGXOLQJ UXOH 3URGXFWì 3URGXFWë 3URGXFWé 3URGXFWç 3URGXFWä
/:.5 êêïìç ìæïåç æïåí ììïèç ëäïëí
0:.5 êíïéè ìçïèæ æïèç ìíïçå ëèïäæ
7:25. êêïìæ ìæïåç æïåí ììïèç ëäïëí
/7:25. êíïéæ ìçïèå æïèç ìíïçä ëèïää
)&)6 êéïää ìåïæé æïäæ ìëïìè êìïêå
637 êìïäê ìæïëå æïçä ììïìç ëæïæê
)$6)6 êéïää ìåïæé æïäæ ìëïìè êìïêå
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